INTRODUCTION
Healthcare decisions should preferably be based on high-quality research evidence such as clinical guidelines, systematic reviews or randomised clinical trials. 1 Ironically, healthcare professionals often fail to implement clinical procedures that have established efficacy or fail to discard proven ineffective procedures. 2 A study in the USA suggests that approximately 30% of patients do not receive care in accordance with the latest scientific evidence and approximately 25% of patients receive unnecessary or potentially harmful care. 3 The gap between evidence and practice still exists.
To overcome the gap between best practice and actual care, professional organisations worldwide encourage Evidence-Based Practice (EBP). 4 The five steps of EBP-Ask, Access, Appraise, Apply and Assess-equip healthcare professionals with the necessary steps to successfully integrate evidence from research with their clinical decision-making.
5
Competency in EBP has become a prerequisite for (re)certification of healthcare professionals. 6, 7 Although EBP has more and more become the standard of care, there are still barriers to overcome that refrain health professionals from teaching or working evidence based, like a lack of time to read evidence, lack of facilities or resources, lack of requirements for EBM, lack of EBM skills, a pyramid hierarchy in healthcare management structure discouraging EBM, and barriers related to the available evidence. 8, 9 To be able to assess whether healthcare professionals and healthcare organisations actually work evidence based, a valid and reliable method for the assessment of EBP behaviour in clinical practice is needed. EBP behaviour can be assessed by considering if, and at what level, individual healthcare professionals use the five EBP steps in daily practice. 7 Alternatively, the application of evidence-based clinical manoeuvres could be assessed. 10 The optimal method for evaluation of EBP behaviour is unclear. Shaneyfelt et al 11 reviewed tools that evaluate EBP, but they focused on evaluating the effect of teaching EBP. To evaluate EBP teaching, most often knowledge and skills were assessed, rather than impact on daily clinical practice. 11 Their review showed that the Fresno Test and the Berlin Questionnaire are valid and reliable for assessing knowledge and skills of individual trainees. 12, 13 But, as improvement in knowledge and skills does not automatically lead to an improvement of behaviour in practice, it is important to measure actual EBP behaviour as well. 6 Shaneyfelt et al identified four valid EBP behavior instruments using objective outcome measures, but these instruments did not have the ability to document the EBP behaviour of individual professionals. 5, [11] [12] [13] An overview of existing EBP behaviour assessment tools could help to determine the optimal assessment method. Therefore, we systematically reviewed the validity, reliability and feasibility of all existing methods to assess EBP behaviour of healthcare professionals.
METHODS
This review was performed and described according to the PRISMA statement, using a prespecified protocol.
ELIGIBILITY CRITERIA
We included original studies among all healthcare professionals (i.e., physicians, dentists, nurses and other allied healthcare professionals such as physiotherapists, speech-language therapists, occupational therapists and dental hygienists) that described the development or use of EBP behaviour assessment tools.
We excluded studies about adherence to guidelines and studies about evidence-based care or quality indicators regarding one particular disease, since these tools address specific behaviour regarding the guideline or disease evaluated and outcomes of these studies would likely be hard to extrapolate to other (general) settings. Furthermore we excluded studies about the evaluation of preclinical students, as they are not working in practice yet. To optimise applicability of the results we excluded randomised controlled trials (RCTs) that evaluate strategies for improving EBP behaviour, because the evaluation used to assess the strategies may not be feasible outside the trial. Proceedings of conferences were not included as they contained too little information about the assessment methods used.
INFORMATION SOURCES AND SEARCH
A search for eligible studies was performed in MEDLINE (Pubmed), EMBASE (Ovid), the Cochrane Library, CINAHL (EBSCOhost) and PsychINFO (EBSCOhost) without any restrictions to language from the earliest available date until July 2011. The search terms are listed in online supplementary appendix 2. We did not restrict our search to studies evaluating psychometric properties of instruments, as we expected not to find many validated instruments while this restriction would result in the possible exclusion of relevant, but not yet validated instruments.
STUDY SELECTION
In pairs, two reviewers independently reviewed the titles and abstracts of the retrieved studies for eligibility. Of the selected studies, the full articles were appraised by two reviewers to determine eligibility for inclusion. In the case of persisting disagreement during any step in the review process, a third reviewer was consulted.
DATA COLLECTION PROCESS AND DATA ITEMS
A structured data extraction form (see online supplementary appendix 3) was used to collect the following relevant data from the included studies:
1. Characteristics of the participating healthcare professionals: number, discipline, training level;
2. Description and development of the EBP behavior assessment tool as described by the study authors;
3. The classification of the tool regarding the five EBP steps (Ask, Access, Appraise, Apply and Assess) or patient outcomes; 5 4. Psychometric properties of the tool as described in the original study with a notification whether reliability, validity and responsiveness had been tested; 15 5. Any previously developed methods on which the behaviour assessment tool had been based;
6. Description of whether the assessment is subjective (i.e., self-reported measures) or objective (formal assessment or actual observations in practice).
We also extracted the country in which the instrument was developed. Countries were plotted on a world map using R 2.14.0, package Maptools (version 0. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The data of the included studies were extracted by one reviewer and confirmed or corrected by a second reviewer. Disagreements during data extraction were resolved during a consensus meeting. A third reviewer was consulted in case of persisting disagreement.
RISK OF BIAS ASSESSMENT OF INDIVIDUAL STUDIES
We did not perform a quality assessment of the included studies, as a well-performed study does not guarantee good quality of the assessment tool used and vice versa.
RESULTS

STUDY SELECTION
The search resulted in 19310 titles and abstracts. Of 326 abstracts the full articles were retrieved, of which 172 studies met all inclusion criteria, representing 156 different behaviour assessment tools. A flowchart of study inclusion is shown in figure 1. 
STUDY CHARACTERISTICS
These studies were retrieved from nearly every continent (figure 2). Tools to measure EBP behaviour were first developed in 1992. In online supplementary appendix 1 an overview is presented of all tools in which a description of validity or reliability was included and in which validity and reliability were tested and/or established.
The remaining tools were used to assess other healthcare professionals: dentists, dental hygienists, pharmacists, physiotherapists, mental health practitioners, public health workers, speech-language pathologists, social health workers, occupational therapists, ambulance officers, dieticians or a mix of professionals.
Mostly, the EBP behaviour assessment was part of a broader assessment tool, for instance a tool that also assesses EBM knowledge, skills or attitude. The methods used to evaluate
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Chapter 10 | Tools to assess EBP behaviour among healthcare professionals behaviour were questionnaires, interviews and focus groups, observations or registration of healthcare professionals, evaluation of charts or a combination of methods.
QUESTIONNAIRES
Of the EBP behaviour assessment tools described in the various studies, 117 concerned questionnaires. mostly a combination of steps 2 and 4 (Access and Apply).
Most questionnaires were to be completed by the respondent. Some were structured telephone surveys conducted and filled in by a researcher. In about 60% of the identified questionnaires previously reported questionnaires were used for further development, of which the questionnaire by McColl et al 58 was most frequently used. The psychometric properties of the questionnaires were reported in only about half of the studies: 28 studies tested validity and 20 tested reliability, of which 11 tested both validity and reliability. 
* SN EBP, School Nurse Evidence Based Practice Questionnaire
The remaining studies did not report any psychometric properties, although some studies mentioned that their questionnaire was based on literature-without any further specifications-or a pilot study was performed.
For the assessment of EBP behaviour by means of questionnaire administration, several tools were identified that were shown to be valid and reliable. steps and has good psychometric properties-as tested by Upton (but this is not further described). This questionnaire consists of three parts, of which the first part focuses on EBM behaviour. It is a self-reported questionnaire that asks how often in the last year:
(1) A question was formulated to fill a knowledge gap, (2) How often was searched for evidence, (3) How often critical appraisal was applied, (4) How often the literature that has been found was integrated with own experience and knowledge, (5) The results were evaluated in practice and (6) The knowledge was shared with colleagues.
INTERVIEWS AND FOCUS GROUPS
Interviews or focus groups were used in five studies, 59 -63 a short description of these studies can be found in the online supplementary appendix. A variety of EBP steps was measured in the interviews, most of the interviews included step 2 or 4. Two studies described validation of their tool: Bogdan Lovis 59 and Rolfe.
OBSERVATIONS OR REGISTRATION OF HEALTHCARE PROFESSIONALS
The EBP behaviour of healthcare professionals was directly observed in nine studies, [64] [65] [66] [67] [68] [69] [70] [71] [72] an overview of these studies can be found in 70 None of the identified tools mentioned aspects of validity and reliability; however, it can be discussed whether it is necessary to do so when using observations. Tilburt et al 67 did test interobserver agreement regarding the observation of EBP steps 1-3.
EVALUATION OF CHARTS
Evaluation of charts was performed in 27 studies to assess the evidence base underlying diagnosis-intervention pairs, surgeries or interventions during pregnancies, an overview of these studies can be found in the online supplementary appendix. In 12 of these evaluations the level of evidence had been based on the criteria according to Ellis Strengths of our review are that it includes assessment tools for all health professionals, reducing the chance of missing a potential important assessment tool that could be extrapolated from one health setting to another. Moreover, it focuses on behaviour in clinical practice, which has a more direct effect on patient outcomes than knowledge and
skills.
This review has some points which require a remark. First, the definition of EBP as used worldwide is not always congruent: sometimes EBP is defined as the adherence to guidelines, whereas others regard EBP as the integration of all components of EBP in clinical practice. Second, we could have missed studies during the review process. Since EBP behaviour is a broad concept, we added search terms to our search strategy to decrease the number of retrieved studies. However, as we searched the literature with a broad search strategy revealing over 19,000 hits we think it is unlikely we missed any ideal and frequently used method. Lastly, in this review we did not explore the relation between the use of EBP and the level of knowledge and skills of the professional in the varying healthcare settings. These should, however, also be considered when choosing the optimal method for measuring EBP behaviour. Enacting EBP behavior without the proper knowledge and skills can lead to wrong conclusions. 106 When the instrument will be used to assess health professionals and/or institutions for their EBP behaviour, this might be combined with a measurement of EBP competency, like knowledge, skills and/or attitudes.
However, this review did not focus on these domains. Because we did not restrict our review to specific healthcare settings, the tools presented here could be applied to a wide range of healthcare professionals. However, each group of healthcare professionals might have specific needs or barriers for EBP. For example, a study shows for non-English speaking nurses understanding English articles can be a large barrier, while for physicians this seems a less important problem. 108 Therefore, the selection of the optimal or most appropriate tool might be tailored to the group of healthcare professionals.
When choosing the optimal method, the feasibility of the instrument should also be considered: interviews and observations are more time-consuming for the evaluator than questionnaires. However, interviews and observations may give more in-depth information. In this study we did not assess the feasibility of instruments, although little information on this aspect was reported in the included studies.
The questionnaire of Boström 53 showed adequate validity, which seems promising, but was not tested for reliability. However, EBP behaviour is measured using only six items. As the questionnaire is self-reported, this might introduce bias, because of social desirable answers. The questionnaire is constructed to assess the EBP level of Swedish nurses, so its generalizability should be assessed before adopting it in practice.
In conclusion, this review identified tools that validly and reliably assess single steps of EBP behaviour. One tool measures all aspects of EBP behaviour validly, but the reliability of this tool has not been established yet.
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For future developmental studies this tool should be evaluated more extensively and/or existing valid and reliable tools could be combined into an instrument that covers all EBP steps. Evaluating EBP behaviour is important to deliver optimal healthcare. For proper evaluation it is necessary to predetermine the EBP behaviour that is to be expected, the aim of the assessment and the context and setting of the healthcare profession to be assessed.
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Appendix 1
Overview of EBM behavior assessment tools of which validity and/or reliability have been tested (extension table 1 ).
